Background: The value of adjuvant chemotherapy in colorectal cancer is well studied, and guidelines have been established. Little is known about how treatment guidelines are implemented in the everyday clinical setting. Methods: This national population-based study on nearly 34,000 patients with colorectal cancer evaluates the adherence to present clinical guidelines for adjuvant chemotherapy. Virtually all patients with colorectal cancer in Sweden during the years 2007-2012 and data from the Swedish Colorectal Cancer Registry were included. Results: In colon cancer stage III, adherence to national guidelines was associated with lower age, presence of multidisciplinary team (MDT) conference, low co-morbidity, and worse N stage. The MDT forum also affected whether or not high-risk stage II colon cancer patients were considered for adjuvant chemotherapy. Rectal cancer patients both in stage II and III were considered for adjuvant chemotherapy less often than colon cancer patients, but the same factors influenced the decision. Adjuvant chemotherapy was started later than eight weeks after surgery in 30% of colon cancer patients and in 38% of rectal cancer patients. Conclusions: In Sweden, the adherence to national guidelines for adjuvant chemotherapy in colon cancer stage III is acceptable in younger and healthier patients. MDT conferences are of major importance and affect whether patients are recommended for adjuvant chemotherapy. Special consideration needs to be given to certain subgroups of patients, particularly older patients and patients with poorly differentiated tumors. There is a need to shorten the waiting time until start of chemotherapy.
Background
In Sweden, almost 6000 patients are diagnosed annually with colorectal cancer (CRC), which is the third most common cancer in the world [1] . Surgery offers the best chance for curing CRC, but adjuvant chemotherapy can further improve survival. While international and national guidelines regarding indications for adjuvant chemotherapy in CRC have been established, few population-based studies have evaluated adherence to practice guidelines. Staging and treatment have evolved in recent decades. In Sweden there are nationally accepted guidelines, which are currently under revision [2] . Since 2008, the guidelines have recommended that patients younger than 76 years of age with stage III colon cancer should be considered for six months of 5-FU-calciumfolinate or capecitabine alone or in combination with oxaliplatin. High-risk stage II colon cancer may be eligible for treatment, as in stage III. Adjuvant chemotherapy is not recommended for rectal cancer stage II or III.
The European Society for Medical Oncology (ESMO) recently published guidelines for CRC [3] [4] [5] . These guidelines recommend adjuvant chemotherapy for high-risk stage II and stage III colon cancer; although it is recognized that there is less scientific evidence, it is also written that patients with high-risk stage II and stage III rectal cancer could receive adjuvant chemotherapy as in colon cancer. However, at the 2013 European Registration of Cancer Care (EURECCA) consensus conference, minimal or no consensus was reached regarding adjuvant chemotherapy for rectal cancer [6] . The guidelines from the American National Comprehensive Cancer Network (NCCN) are consistent with the ESMO guidelines, but they also include the possibility of adjuvant chemotherapy for patients with low-risk stage II disease [7, 8] .
Some studies on adherence to clinical guidelines have been conducted, including one large study from the United States that presents a stage-dependent difference in adherence in which high-risk stage II colon cancer had the lowest correspondence [9] . Other studies have suggested an association between older age and lower adherence to guidelines, especially regarding the prescription of oxaliplatin [10] [11] [12] [13] . In contrast, one recent study found high compliance levels in elderly patients; however, patients defined as elderly were younger than in the previously mentioned studies [14] .
To obtain a population-based patient cohort is difficult, and when selected centers or local regions with low coverage of the population are used, there is a risk of selection bias. Sweden has the unique opportunity of performing truly national population-based studies; nearly all patients with CRC are included in a quality control registry. The main purposes of the registry are to audit management and outcome, report data for quality improvements, and provide valid data for research. The aim of this study was to evaluate adherence to national guidelines on adjuvant chemotherapy.
Methods

Data and cohort construction
The Swedish Colorectal Cancer Registry (SCRCR) captures at least 99% of all patients diagnosed with CRC in Sweden [15, 16] . The registry has been validated against medical records for a full-year cohort, showing 94-97% agreement on six variables, and a study on the validity of the registry's first three years deemed it as "good" [17] .
The inclusion criterion for this study was patients registered in the SCRCR from 1 January 2007 to 31 December 2012, and the primary outcome of interest was planned adjuvant chemotherapy. Patients in stage II or III are eligible for adjuvant chemotherapy in different guidelines; thus, patients with stage I or IV or with no stage listed were excluded. In addition, patients who underwent local excision or who had no surgical resection were excluded in order to ensure a true stage classification. Since 2009, the department responsible for oncological treatment has also reported data on started chemo-and radiotherapy; therefore, the secondary outcome of interest was started adjuvant chemotherapy. Data on patients with records from 1 January 2009 to 31 December 2012 were then obtained from the oncology database.
A total of 1086 patients had two or more registered occurrences of CRC, which were counted as one. Patients were restaged according to the 7th edition of the tumor node metastasis (TNM) staging system of the International Union against Cancer/American Joint Committee on Cancer using pathological data of the number of positive lymph nodes. Tumor deposits or satellites in the lymph drainage area of pericolorectal adipose tissue are classified as N1c according to the 7th edition; however, they were not recorded in the SCRCR before 2011 and are disregarded here and classified as N0. Histological grading was regarded according to the new dichotomized scale: low grade (G1-G2) and high grade (G3-G4). Patients with stage II disease were subgrouped according to high or low risk. Patients included in the high-risk population were those with an emergency intestinal occlusion or perforation, lymph node sampling less than 12, T4 tumor, poorly differentiated tumor (G3-G4), and vascular or perineural invasion. However, lymphatic invasion is not reported in the SCRCR, and information about vascular and perineural invasion is sometimes lacking in the pathology report.
This study was approved by the regional ethical review board in Gothenburg, (Decision Number 072-13). The data analysed in this study are not publicly accessible. After approval from the regional ethical review board, permission was granted from the steering group of the SCRCR for extraction of registry-data. The SCRCR data-set is continuously updated and data for this study was extracted on May 24th 2013.
Statistical analyses
The data were summarized using contingency tables. All analyses were conducted separately for colon cancer and rectal cancer. For the subgroup of patients with stage III colon cancer, univariate logistic regression was applied to assess the putative relation of classical risk factors on the outcome, quantified in terms of 95% confidence intervals.
In order to adjust for possible confounding, the resulting factors of interest were included in a multivariate logistic regression analysis. First-level interactions of gender and age against all other covariates were each entered into the model separately; none was found to be significant. Goodness of fit of the final model was assessed using the Hosmer-Lemeshow chi-square statistics [18] . Confidence intervals and Wald tests were used to evaluate significance in the multivariate analyses.
All analyses were carried out using the R 2.15.1 software [19] .
Results
During the six-year period, 33,944 patients were included in the SCRCR, of which17,521 were in stage II or III ( Figure 1 ). Of these patients, 7602 were older than 75 years of age and were excluded from selected analyses. The demographics and characteristics of the patients are reported in Table 1 . Of the 10,459 patients younger than 76 years of age, 5297 (50.6%) were planned for adjuvant chemotherapy.
Colon cancer stage III
Guidelines recommend adjuvant chemotherapy in colon cancer stage III, and of 3485 patients younger than 76 years of age, 2922 (83.8%) were planned for this treatment ( Figure 1 ). Factors associated with treatment were age (p < 0.01), comorbidity (p < 0.01), and N stage (p < 0.01) ( Table 2 ). Discussing patients in an MDT conference (p < 0.01) also affected whether adjuvant chemotherapy was planned; it was planned in 81.7% of patients younger than 76 years of age, ASA 1-2, who were not discussed and in 90.6% in patients who were discussed. Patients younger than 60 years of age were evaluated in MDT conferences in 82.4% of the cases, as were 79.4% of patients 60-75 years of age and 68.4% of patients older than 75 years of age. Further subgroup analyses are presented in Additional file 1: Table S1 .
Colon cancer stage II
As discussed in the background section, patients in stage II also may be recommended adjuvant chemotherapy. Colon cancer stage II patients younger than 76 years of age were planned for adjuvant chemotherapy in 789 (21.8%) of the cases; of those 722 (91.5%) were high risk and 67 (8.5%) were low risk ( Figure 1 ). There was an increase in patients planned for adjuvant chemotherapy over time ( Figure 2 ). Patients meeting at least one high-risk criterion and not planned for adjuvant chemotherapy numbered 1159 ( Figure 1 ). The proportion of high-risk patients considered for adjuvant chemotherapy was lower at older ages, in the presence of comorbidity, and in the absence of an MDT conference (Additional file 1: Table S1 ).
Of the high-risk stage II patients, 33.3% met more than one high-risk criterion. There was a high proportion of patients planned for adjuvant chemotherapy among patients with the high-risk criterion pT4 (63.5%) and almost half of the patients were planned for chemotherapy if vascular or perineural invasion was present (Table 3) .
Rectal cancer stage II-III
Of 1843 patients with stage III rectal cancer, 1306 (70.9%) were planned for adjuvant chemotherapy (Figure 1) As in colon cancer the highest proportion of patients in stage II with a high-risk criterion planned for adjuvant chemotherapy was seen among patients with a pT4 tumor (45.6%, Table 3 ).
Oncology dataset 2009-2012
Of 4272 patients with CRC planned for adjuvant chemotherapy between 2009 and 2012, oncology data was reported in 3985 (93.3%) cases. In colon cancer, adjuvant chemotherapy was started in 91.8% (n = 2812) of resected patients planned for adjuvant chemotherapy. The corresponding figure for rectal cancer was 76.6% (n = 1173).
Where oncology data indicated chemotherapy for a colon cancer (n = 2595), 5-FU or capecitabine was prescribed as a Stratified multivariate analyses where year is entered as a continuous covariate in a model, which also adjusts for age, and sex indicate an increasing trend for adjuvant chemotherapy in all four groups (p < 0.05). Table 4 . Adjuvant chemotherapy was started within six weeks of surgery in 16.9% of the cases, more than eight weeks after surgery in 37.0%, and more than 12 weeks after surgery in 4.7%.
Discussion
In this population-based dataset covering over 99% of patients diagnosed with CRC in Sweden, the adherence to national guidelines for adjuvant chemotherapy in colon cancer stage III was high in younger and healthier patients. However, the adherence was considerably lower in some subgroups of patients.
In recent years, with a multimodal approach to CRC treatment, the importance of MDT conferences has increased [6] . In this study, patients with both high-risk stage II and stage III colon cancer were planned for adjuvant chemotherapy considerably more often when they were discussed in a postoperative MDT conference (stage III, p < 0.01, see Table 2 ). There was an age-dependent difference in the proportion of patients brought up at MDT conferences, indicating a tendency toward leaving out MDT conferences in the elderly and comorbid populations. However, the differences persisted after correction for age, comorbidities, and N-stage. The impact of MDT conferences affecting the proportion of patients receiving adjuvant chemotherapy is supported by other studies, and some studies also show a correlation between MDT and better survival [20, 21] .
Nodal stage is the main factor determining whether guidelines recommend adjuvant chemotherapy for CRC patients. As a prognostic factor, the number of positive lymph nodes is important in both colon and rectal cancer in stage III [22] . This is reflected in adherence to guidelines, with an increased proportion of patients with a more advanced N stage being recommended for chemotherapy (Table 2 ). In contrast, tumor differentiation, which is a stage-independent prognostic factor in CRC, does not affect whether patients are planned for adjuvant chemotherapy [23, 24] . Emergency surgery did not either affect whether patients were planned for adjuvant chemotherapy, even though this is one of the high-risk factors and an association with worse cancer-specific long-term survival has been shown in several studies [15, 25] .
Presence of comorbidities was another main factor influencing whether patients were planned for adjuvant chemotherapy, and patients with ASA 1-2 were four times more likely to be recommended chemotherapy than patients with ASA 3-4. Age was another factor influencing adjuvant chemotherapy. Even when corrected for comorbidities included in the ASA classification, patients younger than 60 years of age were planned for chemotherapy more than twice as often as patients 60-75 years of age. Our results are consistent with the results of other registry studies, which also reported lower adherence to treatment guidelines in older patients, independent of pre-existing comorbidities [9, 12, 26] . Swedish guidelines do not recommend adjuvant chemotherapy for rectal cancer. However, adjuvant chemotherapy was planned in about 70% of patients with stage III rectal cancer, and it was started in three out of four patients (2009) (2010) (2011) (2012) . The data show an overtreatment in regard to national guidelines that increased over time and likely reflect that many physicians follow international guidelines. However, adjuvant chemotherapy for rectal cancer is an extremely controversial issue due to the lack of clear evidence from randomized trials [27] [28] [29] [30] . Its use is particularly controversial in patients who have had preoperative chemoradiotherapy; in addition to the EORTC 22921 study, three other European randomized trials have not been able to detect a significant survival gain [27, [31] [32] [33] . It is presently an open question what the updated Swedish guidelines will recommend. It is possible that rectal cancers should not be handled homogeneously; rectal tumors in the upper intraperitoneal third could be handled as colon cancers, as opposed to tumors arising extraperitoneally [34] . In light of this lack of scientific knowledge, it is surprising that approximately half of patients who received preoperative chemoradiotherapy because of a locally advanced tumor continued with postoperative adjuvant therapy. The international guidelines, along with a belief that it should work, have had a great impact [3] [4] [5] 7, 8] .
Most patients with rectal cancer who received preoperative chemoradiation therapy had locally advanced tumors. Therefore, the main reason to start chemotherapy preoperatively was probably to potentiate the radiotherapy effect, in which case capecitabine alone is presently used. The concept of providing adequate systemic therapy upfront is currently being explored in trials [27, 35] .
In colon cancer stage III the combination of 5-FU with oxaliplatin is associated with better disease-free survival and overall survival [36] [37] [38] . However, the oxaliplatin combination-therapy is associated with more side effects and might not be applicable to all patients [38] . The number of patients treated with combination-therapy might be considered low (Table 4) , it was however age-dependent and in patients younger than 70 the proportion of patients prescribed a combination-therapy was considerably higher. Timing of chemotherapy is another topic of discussion. Studies have shown value in an early start of adjuvant chemotherapy; starting chemotherapy later than 12 weeks after surgery is of questionable value, although some studies have indicated a survival benefit even with a late start. [39, 40] In the Swedish guidelines, there are no specific recommendations for the timing of adjuvant chemotherapy; however, several regions recommend that every effort should be made to start as early as possible, and no later than eight weeks. There is no scientific rationale for eight weeks, but it should be remembered that all colon cancer trials that have shown a significant survival gain required that therapy should start within 5-6 weeks. The European guidelines recommend as early a start as possible, from the third week up to a maximum of 8-12 weeks after surgery. In the present study cohort, one-third of the patients started their adjuvant chemotherapy later than eight weeks postoperatively.
The benefit from adjuvant chemotherapy on a group level and the absolute risk reduction of developing metastatic disease is lower in stage II than in stage III cancer. To better identify patients who might benefit from chemotherapy in stage II, patients need to be separated into highand low-risk groups. ESMO and NCCN guidelines now recommend adjuvant chemotherapy for high-risk stage II cancer. In this study, there was an increase over time in the proportion of patients with stage II disease considered for chemotherapy in both rectal and colon cancer (Figure 2) . Still there was a large portion of patients not considered for adjuvant chemotherapy even though one or several high-risk criteria were fulfilled. As mentioned previously, conducting an MDT conference is one of the main factors influencing whether patients with stage II are planned for adjuvant chemotherapy. However, with improved surgical techniques and pathological examinations of surgical specimens, stage migration is a likely factor affecting changes to a better prognosis in stages II and III [41] . Thus, re-evaluation of some of the high-risk criteria in stage II is an important topic.
This study has several limitations. The data were not consistently validated, and information bias is a possibility. However, previous validations showed fair agreement with medical records, and we have no reason to believe this has changed. Most of our statistical calculations were carried out on data for planned chemotherapy and some were carried out on initiated treatment. Unfortunately, the SCRCR does not collect data on duration or compliance of chemotherapy regimens. The main strengths of the study are the sheer size and the fact that it is based on the entire Swedish population, and therefore, truly population based. Another strength is the ability to account for missing data.
Conclusions
Although the general adherence levels to present national practice guidelines are acceptable in some aspects, all patients should be discussed in MDT conferences, as this factor seems to affect the proportion of patients considered for adjuvant chemotherapy, even in cases without significant comorbidities. Special consideration should be given to patients over the age of 60 and to patients with poorly differentiated tumors.
To possibly improve the outcome of, or at least make the best of, a given treatment, the time until the beginning of the therapy needs to be reduced. It has been hypothesized that an important reason for lack of a clear benefit in rectal as opposed to colon cancer is the inability to initiate the adjuvant chemotherapy early enough [42] .
